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Abstract 
Functional Product (FP) can be viewed as a business concept which is aimed at offering a function or performance to customer on an agreed upon 
level of availability and cost as well as at providing incitements towards a sustainable growth. The development and operation of FP is a 
multidisciplinary and complex process. To support such process often advanced and creative solutions are required. Based on analysis of  research 
conducted in the Faste Laboratory, this paper aggregates FP solutions consisting of existing methods, tools and models. Further, utilisation of FP 
solutions is discussed from the FP life cycle perspective. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Functional Product (FP) can be viewed as a business concept 
which is aimed at offering a function or performance to 
customer on an agreed upon level of availability and cost as 
well as at providing incitements towards a sustainable growth. 
Among many global corporations there is an increased interest 
in using the FP business model for transition from selling 
product and service or a combination of products and service 
towards sustainable function/performance-based offerings [1]. 
In the existing literature there are various related to FP 
business concepts, e.g., servitization [2], Product-Service 
Systems (PSS) [3], Industrial Product-Service Systems (IPS2) 
[4] and Functional Sales (FS) [5]. Many of these concepts are 
developed in order to better fulfil customer’s expectations and 
requirements by delivering an added value to customers 
through integrating products (e.g., hardware, physical artefacts) 
and services into a single offer. Products and services should in 
this context be designed to be integrated, and not just packaged 
or loosely bundled together [6]. Consequently, a design space 
of such business concepts will be enhanced and advanced.   
In line with Alonso-Rasdago et al. [7], Lindström et al. [8] 
conclude that the FP development and operation is a 
multidisciplinary and complex process. This, since in order to 
have the necessary skills, competencies and capabilities to 
develop and operate advanced offers such as FP there is often a 
need to build regional or global FP consortiums. Lindström et 
al. [1] states that “the surrounding environment can be multi-
facetted and interorganisational with many partners, sub-
contractors, suppliers and customers” (p.288). Besides the fact 
that the FP provider consortiums are formed to link 
competences and capabilities, risks and revenue are also shared 
among the consortium partners [1].  
The enabling main FP constituents are hardware (HW), 
software (SW), service support system (SSS) and management 
of operation (MO) [1]. All four main constituents shall be 
developed coupled and in parallel (concurrently) as well as 
operated in a coordinated way by the FP consortium during the 
entire FP life cycle. Since, the ownership of the FP 
(constituents) is foreseen to remain at the FP provider [1].  
Last but not least, the FP life cycle consists of economic and 
technical life cycles. The FP technical life cycle is sub divided 
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into HW, SW, SSS and MO sub life cycles in development and 
operation phases, while the economic life cycle is governed by 
a sustainable win-win situation between the FP provider and the 
customer [9].  
Thus, to support the FP development and operation which 
include, for example, a proper coordination between four 
coupled and parallel development processes of HW, SW, SSS 
and MO as well as maintaining a suitable cooperation between 
multiple partners, one or more design methods are required [8], 
creative design is essential as well as creative thinking. 
This paper concerns research work conducted in the Faste 
Laboratory, which is a VINNOVA Excellence Center for 
innovation in the area of FP. The following research questions 
were posed in order to guide the research:  
x What FP solutions have been developed in the Faste 
Laboratory? 
x In which phase of the FP lice cycle can the identified FP 
solutions be used? 
The paper aims at aggregating solutions which are 
developed in the Faste Laboratory to be utilised in the FP life 
cycle. The term “solution” is used as an umbrella for existing 
design methods, tools, and models developed in an FP context. 
2. Methodology 
To achieve the desired aim and answer the research 
questions posed, a literature review analysis was chosen as a 
research method. The scope of the literature review was limited 
to the research work conducted in the Faste Laboratory. 
The Faste Laboratory was founded in 2007 with 10 years 
primary operation time with a total budget of approximately 
25M euro. Currently, around 30 researchers are employed 
within 5 various research subjects at Luleå University of 
Technology. The research activities within the Faste 
Laboratory span through diverse research areas such as gender 
and diversity development, knowledge sharing, simulation-
driven design (SDD), distributed collaborative engineering 
(DCE), functional product development process (FPDP), and 
functional product business development (FPBD). 
The Faste Laboratory currently collaborates with 6 
industrial partners which are global manufacturing 
corporations in Sweden, involving around 50 industrial 
representatives. 
The research results presented in this paper is a mixture of 
qualitative and quantitative nature. For the initial literature 
review a list of 281 Faste Laboratory publications was 
compiled. This list consists of theses, conference and journal 
articles as well as various other publications like books 
chapters and technical reports, written both in Swedish and 
English from 2007 to mid-2014. 
The data collection process was based on the assessment of 
the Faste Laboratory internal reports, where various 
publications have been tracked. It is of importance to note that 
the reports are not available for public outside of the Fast 
Laboratory due to confidentiality issues. However, the authors 
of this paper are actively involved in the Center, therefore had 
full access to the reports. The list of 281 publications used for 
the initial review can be obtained through the authors upon 
request. 
During the follow up review, certain criteria for publication 
selection were used: (i) only full journal or conference articles, 
(ii) entirely funded through the Faste Laboratory. As a results, 
118 publications were chosen for further analysis. This means 
that theses, other publications and publications which have 
been just partly funded through the Faste Laboratory were 
excluded. 
For data display and further data analysis, a matrix [10] and 
open coding technique were used [11]. The matrix includes the 
list of 118 references which have been divided into journal and 
conference publications and a short description of main results 
from each references. 
As a part of open coding data analysis, all 118 references 
have been analysed and categorized into 7 groups. In overall, 
the process of categorization has been mainly based on the 
competence areas of the Faste Laboratory. 
Accordingly, these 7 groups consists of 5 groups (including 
66 references) with prescriptive FP solutions (i.e. simulation 
and simulation-driven design methods/tools, availability 
models) which are intended to be utilised in the FP life cycle 
and 2 groups (including 52 references) which are mainly 
descriptive and focused on building up FP theory (i.e. business 
and development process related theoretical frameworks and 
guidelines) and exploring gender equality and diversity issues 
in the FP context. 
3. Results 
3.1. Developed ideas for Functional Product lifecycle 
definition 
The initial lifecycle model for FP was proposed by 
Brännstrom et al. [12]. The model involves three parallel and 
coupled development processes of the following constituents: 
hardware (HW), software (SW) and services. Each of the 
development processes, includes close interaction between 
each member of the development team or consortium, which in 
synergy is aimed at providing the customer with the desired 
function. 
Later, Lindström et al. [1] suggested that the FP 
development process can be seen as parallel and coupled 
development of four main constituents which are HW, SW, 
service support system (SSS) and management of operation 
(MO). The SSS includes maintenance of hardware, decision-
making, operations planning, remanufacturing, and education 
[7]. The MO includes matters of responsibility, risk 
management, transfer of intellectual property, building up trust 
and relations, availability management, cost drivers, revenue, 
etc. [1]. Also, the MO is viewed as a holistic constituent which 
ensures that HW, SW and SSS and their sub constituents are 
operational in a long term perspective [13]. 
Furthermore, it has been suggested that the FP life cycle 
includes technical and economic life cycles [9]. The FP 
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technical life cycle is sub divided into HW, SW, SSS and MO 
sub life cycles in development and operation phases, while the 
economic life cycle is governed by a sustainable win-win 
situation between the FP provider or FP provider consortium 
and the customer enabling addition of value to all partners 
involved [9]. 
In case one of the constituents malfunctions (i.e. fails, 
requires maintenance, further development) during the 
operation phase, it does not mean that the whole FP has met the 
end of its technical or economic lifecycle. Both lifecycle 
support each other, however, the economic may stop the overall 
lifecycle in case it is not properly sustained [9]. This, since, the 
most important benefits of the FP offer are the win-win 
situation between the FP provider and the customer, also within 
diverse global value-chain organisations [14], and a long-term 
business stability [7].  
It is of importance to observe that the technical FP life cycle 
has been presented in a different perspective compared to a 
traditional view of a life cycle. In this particular case, the 
technical FP life cycle includes the initial development of the 
main constituents and their respective sub constituents [13] and 
once the FP is operational, then continuous development and 
operation of each constituents goes on and there are no “come 
back” activities to initial or previous stages. This process is 
shown in Fig. 1 
 
Fig. 1. FP life cycle based on Lindström et al. [4] 
 
In addition, no well defined separation of various phases of 
the technical FP life cycle can be shown, e.g., the initial 
development phase from the operation phase, and the operation 
phase from development/operation phase. Therefore, in Fig. 1 
the phases are illustrated with dashed borders.  
It can be assumed that in some FP scenarios, a company 
starts with some kind of operational phase directly, and 
excludes the initial development. This can, for example, be 
when a company has already been developing some hardware 
and offering certain services to maintain the hardware. The 
initial FP development phase is therefore not necessary. But if, 
a company starts up its business from zero, then perhaps the 
initial development would be required and be more obvious. 
It has further been observed that there is no clear 
development phase illustrated in Fig. 1. The development is 
combined with operation. This is mainly assumed because 
often in case of “one component” failure, the FP life cycle does 
not come to the end [9]. The failed constituents will be under 
development when the rest of the constituents are under 
operation. Moreover, the function can still be delivered on 
agreed upon level of availability and cost, unless it is stated 
otherwise in an agreement. 
3.2. Aggregation of FP solutions 
Based on the literature review of 281 Faste Laboratory 
publications, and further analysis of 118 publications, 5 main 
groups of prescriptive FP solutions, consisting in total of 66 
publications between 2007 and 2014, have emerged.  
Fig. 2 shows distribution of identified FP solution groups in 
relation to a number of Faste Laboratory publications and year 
of publication. The following solution groups were identified:  
x Business model related FP solutions (violet, 4 
publications) – this group includes mainly research that 
focus on FP business model and value based models when 
considering provision of FP. For example, research that 
concerns a tested and verified model for value-based selling. 
This model enables corporations to transit from products 
and services towards further complex business models like 
FP business model [15]. Also, for example, research that 
proposes a method for a value co creation between FP 
provider and customer [16]. The method is based on a 
customer perspective on when they are willing to “open-up” 
their internal process for value co-creation with providers. 
x Innovation & development process related FP solutions 
(orange, 7 publications) - this group includes research 
concerning open innovation and fundamentals of FP 
development. For example, research on implementation of 
open innovation practices in Swedish manufacturing 
industry [17]. Some research that concern FP development 
in general [8, 18, 19] , FP development process as such, as 
well as FP constituents and their sub constitutes [1, 13].  
x Availability & reliability prediction related FP solutions 
(grey, 16 publications) - this group includes research that 
resulted in development of actual simulation tools to be used 
in the FP life cycle. For example, a decision support tool for 
optimizing support site configuration of functional products 
[20, 21], a simulation- driven design (SDD) model for 
available prediction [22], and a model for system reliability 
estimation [23]. 
x Knowledge, information sharing & data mining related 
FP solutions (yellow, 16 publications) - this groups 
includes research that concern how to manage knowledge 
and information sharing as well as usage of data mining 
within the FP development and operation in a proper and 
coordinated manner. A number of approaches and models 
were developed, for example, an approach concerning how 
data stream mining may be applied to monitor hardware 
being part of FP [24, 25], an approach to visually capture the 
knowledge sharing capabilities [26], and an information 
sharing framework for FP development [27].  
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Fig. 2. Distribution of publications within the identified FP solution groups (see online version for colours) 
 
x Function performance assessment related FP solutions 
(blue, 23 publications) - this group includes research that 
focus on assessment of various function performance when 
developing FP in a manufacturing/process industry. Several 
approaches and models have been proposed, for example, a 
modeling and simulation approach for simulation- driven 
design to support function development [28], a model to 
investigate the aerodynamics of a rotary kiln [29], and a 
process modelling and simulation approach for business 
decision support in pre-conceptual product design [30].  
FP solutions mentioned above are just some examples of the 
whole pool of solutions developed in the Faste Laboratory. 
Based on Fig. 2 in overall the Faste Laboratory research 
span even broader areas including the establishment of a 
theoretical foundation of FP (highlighted in green) and gender 
equality and diversity development (highlighted in red). These 
two groups were excluded from the list of FP solution groups 
since they are both more of descriptive nature rather than 
prescriptive. 
Between 2007 and 2014 there were 45 publications 
identified concerning establishing theoretical foundation of FP. 
These publications are essential for strengthening the FP theory 
base in general as well as the most of identified prescriptive FP 
solutions.  
The Faste Laboratory research activities also touch upon the 
area of gender equality and diversity development. There are 7 
publications within this group which aimed at promoting 
gender equality and awareness within the FP consortium and 
all partners involved in the FP development and operation. 
Referring to Fig. 2 one of the first notions concerning the 
gender and diversity development have emerged in 2007 and 
its highest publication frequency was reached in 2012. The area 
of gender and diversity development is a very active research 
field and have been gaining increased interest from both 
industry and academia during the evolvement of the Faste 
Laboratory.  
3.3. FP solutions in FP life cycle perspective 
The FP solutions were further analysed in a FP life cycle 
perspective. Referring to Lindström et al [4], the FP life cycle 
includes economic and technical life cycles. Accordingly, FP 
solutions were categorised into economic (for the economic life 
cycle) and technical (development, operation and 
development/operation phases) life cycle perspectives  
Fig. 3 presents the distribution of different FP solutions in 
connection to the phase of the FP life cycle, where certain 
solutions can be utilised, and year of publication of the Faste 
Laboratory references concerning various solutions.  
Based on Fig. 3, there are 51 solutions identified 
(highlighted in grey) which are intended to be utilised for FP 
development. These are solutions that mainly focus on function 
performance assessment, development process, knowledge and 
information sharing as well as simulation tools. 
There are 12 solutions (highlighted in orange) that can be 
utilised for FP development/operation phase. These are 
solutions that mainly concern SDD tools. In most cases 
simulation tools are intended to be utilised for the FP 
development, however, SDD approaches are applicable also for 
the operational phase. In addition, simulation-driven design 
leads to significant time reduction, costs savings, quality 
improvement and product design innovation [26]. 
Thus, there are 63 solutions which are intended to be utilised 
in the development and development/operation phases, 
however, there were no FP solutions identified that could be 
used only in the operation phase. Lindström et al. [8] suggested 
that MO as one of the FP constituents can be viewed as a 
holistic constituent that ensures a long term FP operational 
time. Yet, there is a need for FP solutions that will support the 
MO in addressing this issue. 
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Fig.3. Distribution of FP solutions within phases of the FP life cycle (see online version for colours) 
 
Last but not least, there are 3 FP solutions (highlighted in 
violet) identified to be utilised in the economic life cycle. 
Referring to Fig 3, these solutions were developed sometime in 
2013, from the time when the awareness of FP business 
development increased and it became one of the fields that 
gained high interest from both academia and industry. Since 
when developing a FP business model there are several issues 
like the levels of risks and uncertainties that are of importance 
and have to be taken into account in order to facilitate the long 
term win-win situation between multiple partners. 
4. Discussion and conclusions 
Thus, to be able to support multidisciplinary and complex 
process such as FP development and operation, various FP 
solutions have been identified, analysed and aggregated. The 
solutions include existing design methods, tools, models 
developed in an FP context. The results are based on review 
and analysis of research conducted in the Faste Laboratory.  
Though the results presented in this paper, it has been found 
that FP solutions span diverse research areas, from the research 
concerning FP business modelling to engineering aspects of the 
FP design, as well as gender and diversity in the FP context. 
All these areas seem to hold fundamental notions to the whole 
FP area.  
The highest number of contributions are focused on FP 
solutions that can be used for a function performance 
assessment. In synergy with simulation/SDD tools such 
solutions could possibly enable economic and environmental 
sustainability. Moreover, it is plausible that the business model 
related FP solutions could also facilitate economic 
sustainability. 
The development of FP theory and gender and diversity 
issues in the FP context seem to also have a high impact on the 
FP area. Establishing a theoretical foundation is essential for 
the further development of FP solutions. Promoting gender 
equality and awareness within the FP consortium and all 
partners involved in the FP development and operation 
leverages innovative organisational process and social 
sustainability. 
 In overall, the research presented in this paper contributes 
to theory by summarizing results of 118 publications within the 
field of FP. The aggregation of results can be useful for other 
FP related business concepts within integrated product-service 
research area. Solutions developed for win-win collaboration 
[14], increased servitisizing efficiency [20] and mobility 
function [31] are examples of FP impactful results. The 
practical implications of the results are the ideas concerning 
where in the FP life cycle various FP solutions should be used. 
Also, the results provide ideas of managerial significance. For 
example, aggregation of FP solutions that can be used in the 
economic FP life cycle to enable a long term win-win situation. 
Future research will involve implication of the FP solutions 
from a sustainability perspective. The road map for this 
research includes identification of suitable sustainability 
indicators, “AS-IS” situation description, a FP “TO-BE” 
scenario development (hypothesis) and analysis of 
sustainability effects going from “AS-IS” to “TO-BE” (i.e. test 
of hypothesis).  
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